The rat (Rattus norvegicus) is used in a broad field of biomedical research, and numerous animal models for human diseases have been developed. The rat genetic map, however, remains poorly documented. Hedrich (1990) described a rat linkage map consisting of 13 groups, of which only 6 were assigned to chromosomes. coworkers (1991, 1992) Recently, an informative rat genetic linkage map has been reported by Serikawa and colleagues (1992b). It is based on the segregation of 125 polymorphic markers in seven rat backcrosses and two F 2 crosses, and all of the linkage groups are assigned to particular chromosomes. The linkage map and the information on microsatellite markers became a great help for genetic studies with rat models for human diseases. Since then, a considerable amount of new data for the rat linkage map has appeared in several publications. We, therefore, have collected mapping data published up to the middle of 1993, including our recent reports, and have summarized it here in a list of mapped loci. This genetic map, constructed by combining several linkage data, and two comparative maps for mouse or human homologous rat genes should be very informative to many researchers working on genetic studies in rats, mice, or humans.
lists in alphabetical order 539 rat loci assigned to a particular chromosome and 8 loci that were not yet asCorrespondence to: T. Serikawa signed to any chromosomes and remained in linkage groups (LG III, XI, XII, and XIII of Hedrich's map). There are now 547 entries; a substantial increases from the 214 of 370 of their 1992 list. A rat genetic linkage map is shown in Fig. 1 . Out of 539 loci assigned to particular chromosomes, 276 are located on each linkage map. The loci assigned to chromosomes by methods other than linkage analysis are listed separately and alphabetically under each chromosome. The numbers of loci on each chromosome are as follows: (no. loci located on the linkage map/no, loci assigned to the chromosome in total), Chr 1, 40/69; Chr 2, 18/33; Chr 3, 21/40; Chr 4, 19/35; Chr 5, 16/38; Chr 6, 10/23; Chr 7, 6/23; Chr 8, 11/26; Chr 9, 2/17; Chr 10, 20/32; Chr 11, 4/10; Chr 12, 7/11; Chr 13, 8/19; Chr 14, 20/28; Chr 15, 0/9; Chr 16, 3/5; Chr 17, 5/16; Chr 18, 14/17; Chr 19, 27/31; Chr 20, 15/34; Chr X, 10/22; Chr Y, 0/1. On Chrs 6, 8, 11, 12 , and 14, respectively, two, three, two, two, and two linkage groups are seen. As for Chrs 4, 8, 14, 19, 20 , and X, two linkage groups aligned in parallel because of discord in the locus order, distance in the references, or absence of anchor loci by which the orientations of maps are determined.
Comparative mouse map
For the discussion of comparative mapping, we have applied the chromosome terminology of ISCN (1978) ; that is, rat chromosomes are designed by the prefix RNO (Rattus norvegicus), mouse chromosomes by MMU (Mus musculus) , and human chromosomes by HSA (Homo sapiens). As shown in Fig. 2 , we assigned mouse homologous rat genes on the mouse chromosomes, and they are shown by the mouse symbols. Location of the mouse loci have been referred from the mouse locus map of Hillyard and associates (1993) . With a few exceptions MMU2, 3, 4, 6, 7, 8, 9, 11, 12, 14, 15, 16, 18, and X were homologous with 
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,Acr (1t7) RNO3, 2, 5, 4, 1, 19, 8, 10, 6, 15, 7, 11, 18 , and X, respectively. It seems that MMU1 consists of a homologous RNO9 (centromeric half) and RNO13 (telomeric half); this has already been deduced from the G-banding patterns by Levan and coworkers (1991) . Conserved linkage of homologous genes between MMU7 and RNO1, and between MMUll and RNO10, were confirmed. On MMU5, 10, 13, 16, and 17, the rat homologs belong to two or three different chromosomes. Although the gene orders on homologous chromosomes or chromosomal segments between the two species are fairly well preserved, a few genes are ordered in the opposite direction in the two species, and only one rat homolog was assigned on MMU19 and MMUY. In order to compare more precisely the gene orders among the different species, we have to wait to obtain a more complete rat gene map. Resemblance between mouse and rat maps is considered to reflect the phylogenically close relationships between the two species.
Comparative human map
In Fig. 3 , we assigned human homologus rat genes to the human chromosomes, shown by the human symbols. Location of the human loci have been referred from the 1991 catalog of human mapped genes of McAlpine and associates (1991) . All of the human homologous rat genes shown on HSA17 and HSAX locate on RNO10 and RNOX, respectively. In the other human chromosomes, human homologous rat genes are divided into two or more rat chromosomes. Out of 218 human homologous rat genes in this map, 169 genes (77.5%) are known also in the mouse. The remaining 49 human homologous rat genes (22.5%) have not been reported yet in the mouse. This suggests that the rat makes considerable contributions in the area of biomedical research, as well as the mouse. In fact, the rat provides a variety of models for human disease, including hypertension, diabetes, various cancers, and so on.
In order to make comparisons of the rat genes with those of mouse and human homologs, we have performed searches that were as precise as possible. There is a possibility, however, that there may be some misunderstandings or misreading of the homologs. If this is the case, we hope that they will be quickly corrected by new studies.
We can now use chromosome numbers instead of linkage groups in rat gene mapping, as in the mouse or human. We have no doubt that the rat genetic linkage map will be furnished with more newly assigned genes within the next couple of years, by currently available techniques and newly developed DNA teclmologies. In this way, comparisons of genes among rat-mouse-human will become easier and also more precise.
